Interaction of anandamide with the M(1) and M(4) muscarinic acetylcholine receptors.
The M(1) and M(4) muscarinic acetylcholine receptors are the most abundant muscarinic receptor subtypes in the brain, and are involved in learning and memory. Because cannabinoid receptors are also abundantly expressed in similar brain regions and mediate opposite effects to acetylcholine on cognition, the present study investigated whether the endocannabinoid agonist, anandamide, and its metabolically stable derivative, methanandamide, directly modified the binding properties of the human M(1) and M(4) receptors individually expressed in CHO cell membranes. Experiments utilized the antagonists, [(3)H]N-methylscopolamine and [(3)H]quinuclidinyl benzilate. When acetylcholine was used as the inhibiting ligand, shallow, biphasic isotherms were observed at both receptors, characterised by similar apparent dissociation constants for high and low affinity binding at each receptor but with a greater proportion of high affinity sites at the M(4) (40-45%) than at the M(1) receptor (17-20%). In contrast, anandamide and methanandamide inhibited the binding of both radioligands over a narrow (low micromolar) concentration range, with monophasic isotherms characterized by Hill coefficients significantly greater than 1 at both receptors. These effects were not due to the vehicle used. Further saturation binding analyses found anandamide able to significantly reduce the apparent affinity and maximal density of binding sites labeled by [(3)H]quinuclidinyl benzilate. Interestingly, no significant inhibition of radioligand binding was noted using the synthetic cannabinoid agonist, WIN55212-2, or the cannabinoid CB(1) receptor antagonist, SR141716A. These data thus provide evidence for a direct role of anandamides in modulating muscarinic receptor binding properties through a non-competitive mechanism that is unrelated to their actions on cannabinoid receptors.